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ABSTRACT

The first generation of precasbncretedeck system, NUDECK, developed by the University of
Nebraskalincoln (UNL) for Nebraska Department of Roa@$DOR), was implemented on the
Skyline Bridge Omaha, NEn 2004. The project was highly successdnd received two PCI
Awards of Excellence. The second generatiomprecast concrete deck syst&JDECK was
developed to further simplifyprecastpanel/girderproduction,speed up bridge superstructure
construction and improve deck durabilityrhe secod generatiorof NUDECK consists of ful
width full-depth precast concrete deck panels that are 12 ft long to minimize the nurdeek of
panels andransverse jointsand consequently accelerat@geconstructionlt also uses covered
individual pocketsand bundledshear connectorat 4 ft spacing to simplify panel and girder
production and eliminate the need for deck overRrgcast deck panels are fe@sioned in
transverse direction and pdsnsioned in the longitudinal to enhance deck duraltitgchieve
the same service life of other bridge components.

This report presents the first implementation of the second generation of NUDECK system to the
Kearney East Bypass project in Kearney, NE. The project consist of twin bridges: the south bound
bridge constructed using conventional dasplace deck; and the north bound bridge constructed
using the " generation NUDECK system. Each bridge is a-8pan continuous bridge that is 41

ft 8 in. wide and 332 ft long. Each span is 166 ft long andistnef five precast/prestressed
concretegirders (NU1800) at 8 ft 6 in. spacind@his report presents the analysis, design, and
detailing of the bridge superstructure. It also summarizes the experimental investigations

conducted to evaluate the proposedign and construction detalils.



1 INTRODUCTION

1.1 Background

Full-depthprecast concretdeck systemsdveseveral advantages, such as improved construction
quality, reduced construction time and impact on traveling public, possible weight reduction, and
reduction of total projedtfe-cycle cost. The quality of precast deck systems is superior tc field
cast concrete bridge decks because production occurs in a controlled plant environment. The
variability of construction due to environmental conditionglisminated inthe plant that uses
consistent casting operations and curing techniddeseover, here is a major weaknessazst

in-place (CIP)decks for which a solution has not been found. When concrete is placed over
relatively stiff girders, it beanes part of the girder/deck composite system as soon as it begins to
harde® several hours after placement. At that time, its tensile capacity is small. Shrinkage in the
first few hours after setting and the temperature drop as the heat of cement hylisatfates

causes a reduction in concrete volume that cannot be accommodated by the restraint of the
supporting girders. This often results in cracking, especially in the transverse direction, that
continues to develop with the concrete shrinkage, moshath occurs in the first 60 days of the
concrete age. Shrinkage and cracking are eliminated by using precast deck panels

The size of precasbncretedeckpanelss smallerthan the full bridge deckhereby reducing the

mix, placing, and finishing vability that exists in the field. Also, because panelsare small,

curing is easily controlled and applied immediately to achieve the best material performance
characteristics. High performance concrete (HPC) is recommended for all bridge decks, due t
carrying repeated load cycles in severe environmental conditions. Plant casting provides greater
assurance that the performance characteristics of HPC will be achieved. For example, plant
produced 8,000 psi concrete panels are just as easily produt@d@psi concrete panels, while

a CIP concrete deck is hard to consistently produce at a strength higher than 4,000 or 5,000 psi.
More important than strength in bridge decks, shrinkage and the associated cracking are greatly
controlled. A tweway prestressedconcrete deck is expected to be crérele for the service life of

the bridge, an advantage that is not practical to achiev&®decks. The construction method
becomes more critical as available field labor decreases or labor turnover for conracdcsts.

Precast concrete deck panels can be desgs@aaimposite or noitomposite with the supporting
girders. A norcomposite panel is less complicated and more cost efficient to fabricate.
Elimination of the shear connectors simplifies forming the panel and reduces work during post
tensioning operations. 1) however, requires that relatively large girders be used to carry traffic
loads without aid from the deck as in composite systems. The more common composite system is
structurally superior and overall is much more @f&ctive’.

1.2 Problem Statement

The first generation of precasbncretedeck system, NUDECK, developed jointly by the
University of Nebraskdincoln (UNL) and Nebraska Department of Roa@DOR), was
successfully implemented on the Skyline Brid@enaha, NEn 2004as shown in Figure.1 The
project was highly successful and reesiiwo PCI Awards of Excellenand as it resulted in
very reasonable cost per square foot of the deck pgénels
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Figurel.1:Precast Prestress€dncrete DeclPanelsn Skyline Bridge (3 generation NUDECK)

The F'generation of NUDECK system had several innovatsuth as:

1
il

Panels are made of high performance conciest is pe-compressed in two directions
such that the residual stresin servicearecompression and cracking is avoided.

Most of the creep, simkage, and temperature change due to hydratioklace before

the panel is connected with the rigid underlying beams, eliminatwgjof crackingdue

to the restraining of stiff girders

The continuous gap over beam lines assures simple, cuiglity posttensioning and
eliminates the question about the quality of tendon grouting.

Individual posttensioning of strands allows most contractors, even in areas not familiar
with posttensioning, to do the peggnsioning work with local crews. Theqeasters also
would have the option to include pdsnsioning as part of supplying the panels.

The proposed prestresseahcretedeck panel system covers the entire width of a bridge,
which eliminates the necessity of forming the overhangs.

All materids used in the production of the deck panels arepmoprietary and readily
available. This makes the system cost competitive @ith concrete decks, while it is
much more rapid to build and durable to maintain.

Use of large diameter studs reduces the required number of studs. Thus, economy of
fabricated steel beams is improved and, more importantly, worker safety is enhanced.
Finally, the castn-place overlay allows for adjustments in roadway profile. It presian
excellent riding surface, and large cover for the reinforcement.



A number oflessonswerelearred from the construction of the Skyline Bridgehich were the
motive for making further improvements that led to the development of"thgeRBeration b
NUDECK system®. These lessons include:

1 Threading postensioning strands through the end panelsd between panel
reinforcement, as shown in Figure 1Was atedious andime-consuming operation.
Laying down all postensioning strands on top of &agirder prior to placement of deck
panels would have significantly simplified this operation.

1 Frequent conflicts occurred between the deck reinforcement (strands and bars) and the
shear studs welded to the girder at the open channel locaosisown inFigure 1.2
Larger spacing between shear connectors as well as bundling them would have eliminated
this issue.

1 Overlay required seven days to cure, which is a major disadvantage to rapid construction
and is expensivdn addition to the use of typedemen, which was not locally available,
to minimize overlay shrinkage. Eliminating the need for deck overlay would have resulted
in significant time and cost savings.

1 The use of 8 ft wide panels resulted in large number of panels to fabricate, transport, and
erect, in addition to the large number of transverse jointseasing panel width from 8 ft
to 12 ft would significantly speed up construction and reduce number of transverse joints.

1 The use of nomeinforced vet transverse jointdent plates to form thhaunch, and
individual strand postensioning were vergimple andsuccessfubperations to fabricators
and contractors and should sed.

Figurel.2: Threading postensioning strands (left) and conflicts between deck reinforcement
and sheaconnectors (right)
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1.3 Objective

To develop and implement th&generation of precast concrete deck system (NUDECKhtsat
the followingfeatures

1 Easy to fabricate fulvidth full-depth precast concrete deck panels thal ari¢ longto
minimizethe number ofpanels andastin-place transverse joints.

1 Individual shear connectors at 4 ft spadiagimplify girder production and minimize
conflicts during panel erection.

1 Covered individuashear pocketat 4 ft spacing teliminate the need for deoverlay
and simplify panel production.

1 Lifting inserts are located at the shear pockets to minimize panel penetrations.

Two-way prestressing (tramersepre-tensioning and loritudinal posttensioning) to
control crackingand increase the service life of the deck.

1 Posttensioning strands located underneath the deck to eliminate threading strands
throughdeck reinforcementrembedded ducts, which simplifies the construction.

11



2 PROJECT DESCRIPTION

The 29 generation prest concrete deck system (NUDECK) will be implemented in the
construction of the bridge&aduct shown in Figure 2.1. Thisidgeis a part of Phase Il of a three
phase project known as Kearney Easy Bypass, which is a relocation of Highway 10 in Buffalo
Courty. Figure 2.1 shows the beginning and end of the Phase Il project, which is scheduled for
construction in 2014 and 201Bhe bridge connects f'istreet to the S6street over the USO

and Union Pacific Rail Road.
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Flgure 2.1 Map of prOJect location

The project consist of twin bridgess shown in Figure 2.2he south bound bridgeill be
constructed using conventional cas{place deck; and the north bound bridg be constructed

using the ¥ generation NUDECK system. Each bridge is a-span continuous bridge that is 41

ft 8 in. wide and 332 ft long. Each span is 166 ft long and consists of five precast/prestressed
concrete girders (NU1800) at 8 ft 6 in. spacisgshown in Figure 2.&achbridge has a Pdkew

and 2% cross slope.

12



\

2-0° | - End of Floor to End of Ficor = 334'-10° o - -0

r-s | Soan Na | = J§E'-0" \ Span Na 2 = 166'-0" - Ia5*

[ ¢ UPRR Malniine No. 2— ), 7 ?; Ifjg-' ::T ‘ \ \— Edge of Shoulder 1[ [
e \ \_—¢ vear B f —€ Girder "a* \———1 Higtway US 30| Aoutment No 2—
RR Malniing Ko 3— 4 € Girder "A \ men

= € UPRR Malnling Ko \ \ T lamiine Edge of Shaulder g\ \ | Sta 140+77.40 ’ [
; [ € URRR—=y No | 1€ UPRR \ \ \ VY |
A\ g\ | fotrs \ \ ) .
o\ || @ uerr—y et T |rrac q | \

) o i > ¢

v -

“\ rt Pro}e«\
L L N-10)

= = =01 % th N
Figure 2.2: Twin bridge plan view

BB-EB CL: 332 ft

—
Vv

|
Span: 166 ft 166 ft |
Precast: 166.17 ft 166.17 ft ]I
f\n 11 Thi
) A I B |
ap i Iy i
| I=] | I=] 1
3 T i\
-1 L] |
e A - L1 -
ABD1 PRO1 ABO2
41.67 ft
1133)ft 39 ft L33t
5 l L
3.83 ft 8.5 ft 8.5 ft 8.5 ft 8.5 ft 3.83 ft

Figure 2.3: Bridge elevation, plan, and cross section

13



In order to describe the differences between thantl 29 generations of NUDECK systems, the
features of the two implemtation projects are presented side by side in Table 2.1. This table
summarizes the features of Skyline and Kearney East Bypass bridge project that are relevant to
deck construction. Shaded rows highlights the most significant differences between the two
generations, which are:

1 Panel width

Deck overlay

Location of postensioning strands
Shear connectors

Paneito-girder connection

= =4 4 A

Table 2.1: Comparison of'and 29 generation of precast concrete deck systems (NUDECK)

Item 1* Generation NUDECK 2" Generation NUDECK
Bridge Project Skyline Bridge, Omaha, NE Kearney East Bypass, Kearney, NE
Year Built 2003 2014
Spans (ft) 89, 125 166, 166
Width (ft) 51.5 41.67
Skew (deg.) 25 14
Girders 55in. deep Steel Girders NU1800 Concrete Girders
Girder Spacing (ft) 10.83 8.5
Panel Width (ft) 8 12
Panel Thickness (in) 6 7.5"+0.5"
Overlay 2in. Type K Cement None
Concrete Strength (psi) f'ci = 4,300; f'c = 6,000 f'ci = 3,500; f'c = 6,000
Transverse Pretension 8- 0.5" Strands in two layers @24" 6-0.6" top layer & 6-0.5" in bottom layer @24"
Longitudinal Post-tension 16 - 0.6 " Strands 12 - 0.6" Strands
Location of PT Strands At panel mid height Below deck panel
Crown and Cross Slope Crown and 2% Cross Slope No Crown, 2% Cross Slope
Transverse Joint Wet Joint Wet Joint
Rail CIP and inserts in the precast panel | CIP with reinforcement extended from deck pan
Haunch Forms Continuous Steel Bent Plate Continuous Steel Bent Plate
Longitudinal Reinforcement 2#5 @ 12" 2#5 @ 12"
Transverse Reinforcemenit 8#7 Continuous bars (bot), 8#7 short bars (tpp) 2#5 @ 24"
Shear Studs 1-1/4" Diameter Studs @ 6" Two 1-1/4" Diameter Grade 120 TR @ 48"
Panel-Girder Connection 12" Wide Open Coqtinuous Channel filled 8" x 16" x 5—1]2" covereq individual pockets fille
conventional concrete with self-consolidated concrete

For more detailed information about the project, please refer to the project plans available at
NDOR web sitéhttp://www.transportation.nebraska.gov/projects/keasaet/index.htm
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3 CONSTRUCTION SEQUENCE

The construction sequence of tHE generation NUDECK precast concrete deck panels for the
Kearney East Bypass project is presented in details in the following twenty steps. These steps are
presented using the 3D sketshpresented in Figu1, which are numbered to correspond to

each step. Also, a 3D animation of the construction sequence can be viewed in YouTube using the
following link: http://www.youtube.cm/watch?v=FOgcmkik_4Y

1

O-

Fabricate 10 precast prestressed concrete NU1800 bridge girders using the approved
mixture.

Fabricate 28 fuldepth fullwidth precast prestressed concrete deck panels (26 typical
panels and 2 end panels) using approved mixture.

Erect all the 10 girders (five girders per span) using the provided lifting points. Do not
use the shear connectors or deviators in handling the dirdehighly recommended

that the Agnment of shear connectasscheckedusing a steel template that was used
earlier in panel and girder fabrication to ensure that shear connectors in all girder lines
match the shear pockets in all precast deck panels within the allowed talerance

Form, reinforce, and pour the two end diagfna and the pier diaphragm up to the level
of the girder top flange using the approved mixture and after applying bond breaker to the
embedded girder faces.

Conduct shim shots every 6 ft on the edges and center of each girder line to determine the
actual pofile of the cambered girders prior to deck placement.

Attach the deck support system, made of bent plates/angles, by welding them to the
girder metal tabs to achieve the desired deck elevation and a minimum 2.5 in. thick
haunch.

Attach extruded polystgne panels to the diaphragm concrete between girders using
approved adhesive to fill the gap between the deck panels and diaphragm concrete
between girders.

Adjust the height of shear connectors by cranking them up to get 5 = 1/8 in. embedment
in the deck

Attach compressible material to the top of the deck support system to eliminate any gaps
between the deck soffit and the deck support system.

10-Lay down 120.6 in. diameter pogensioning strands on top of each girder for the full

length of the bridge antthread them through the corresponding openings in the end
deviators.

15
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11- Lay down 10#8 negative reinforcement bars on the top flange of each girder over the
intermediate support. Bars should be staggered and supported using chairs to avoid
conflict with strands.

12- Lift each deck panel using the specified eight lifting points located at pocket type A and
place it on the deck support system.

13- Use backer rod to fill the gaps between adjacent deck panels and clean and moist the joint
surfaces.

14- Pour flowableconcrete/grout in the transverse joints between deck panels using an
approved mixture.

15 Raise postensioning strands at the ends of each girder line to thdengght of the deck
and thread them through the holes of the anchor plates which are suppadhedcochor
block.

16- Weld bulkhead plates and tension individual gesisioning strands using mestand
jack starting from the middle and moving symmetrically outward. Repeat this process for
each girder line starting from the middle one and moving synicably outward.

17- Pour/Pump the specified selbnsolidating concrete (SCC) to fill the gap between the
deck soffit and girder as well as shear pockets using the provided ports from the top of
the deck. Moist girder top flange prior to pouring the SCC. iRgwhould continue until
the concrete overflow from the provided vents.

18 Form, reinforce, and pour approach slabs as well as the area aroutehpmsting
blocks in the deck

19 Form, reinforce and pour the rails.

20- Grind the top surface of the finished degk?z in. to ensure a leveled ridding surface.
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